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A TUBULAR CONDUIT 



The present Invention relates to a tubular conduit and to methods of making a 
tubular conduit The present invenfton also relates to a mould for a tubular 
5 conduit 

It is known in the art to provide vascular grafts as artificial vascular prostheses 
to be Implanted in individuais with diseased biocxl vessels. For example, if an 
individual is suffering from atherosclerosis then a section of blood vessel may 
be replaced w^th a vascular graft 

10 The problem with such vascular grafts Is that they have a tendency to cause 
turbulence in the flow of the blood that they carry, parliculariy at the join 
between the vascular graft and the blood vessel at either end. This can result 
in plaque formuation. reduced flow capadty and thromboses in the blood 
vessel. 

15 WO-A-00/3S591 discloses a vascular graft in virfilch a tubular graft Is provided 
withfourequallyspaoedridgesontheinteriorofihegraft Each edge is in the 
fbnri of an axially extending benx. The ridges induos helical flow to the blood 
passing fiirough the vascular graft The provision of a helical blood flow 
reduces the turbulence of the Wood in the vascular graft which, In turn. 

20 reduces the likelihood of plaque fomiation. reduced flow capacity and 
thrombose. 

WO-A-Q3/045278 discloses a method for introducing an internal helical 
formation Into a vascular gi^- The method comprises supporting a flexible 

tubular concertlnaed material on a mandrel having a groove therein and 
25 placing a helical former oon^sponding to the groove around the material. 
This deforms the material to h^ve an Internal helical fomnation comssponding 
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to the shape of the groove. The materiaf is set in that configuratton and the 
former and the mandrel can then be removed. 

The pnobisnni with the method disdosed in WaA~03/04527S IS that, fn 
practice, fiis mefthod is qui^a slow and cannot re^fy form part of a production 
s process. 

A problem with vascular grafts, In general, whether or not they have an 
internal helical formation is that while vascular grafts are usually flexible, they 
do not exactly replicate Ihe phyeical properties of the blood vessel that they 
replace. Nonnally, the vascular graft will -follow a smooth curve when It is 
10 bent. However, If a IB trent excessively then there is a risk that Instead of 
forming a smooth curve It will torn a Wnk. elfecBvely blocking the cross- 
secfion of the vascular graft, if a kink occurs whfle the vascular graft is 
Implanted then this can be veiy dangerous as blood flow is el0nrfioar>tiy 
reduced. This Is partlculariy a problem If a helical formation is provided on the 
16 vascular graft as described in WO-A-O3/0427S because the concertinaing of 
the vascular graft can tend to increase the likelihood of Wnkhg taking place. 

While the above problems have been described in relation to vascular grafts, 
it is to be appreciated that the problems are not llmifed thereto. Indeed, the 
problems of flow turbulence and kinking exist for any flexible tubular conduit 
20 through which a fluid flows. Therefore, the present Invention is not limited to 
vascular grafts and also relates to other types of tubular conduits, Including 
tubular grafts or implants in other parts of the body and tubular conduits not 
associated with the human body. 

Accordingly the present inventfon seeks to alleviate one or more of the above 
25 problems. 
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AcconSing to one asped of the present inyenHon, there is provWed a tubular 
oonduit con^rising: a tubular portion made from a flexible materia!; and an 
axlally extending external hetical formation located around the outside of ih& 
6 tubutew portion for supporting the tuturfar portion. 

Preferably, the tubular conduit further comprises an axially extending Internal 
helical pn^tiusion located around the inside of the tubular portion for imparting 
a helical flow to a fluid passing through the tubular portion. 

Conveniently, the tubular conduit is for use as a flraft, preferably as a vascular 
10 graft. 

Advantageously, the Internal helical protrusion comprises a secQon of the 
tubular portion deformed by an axially extending deformation helix. 

Conveniently, the axially extending defomffllion helbt Is made from 
polyurethane. 

16 Preferably, the axially extending dslbnnation helix is sintered to the flexible 
materia) of Ihe tubular portion. 

Advanlageously. the external helical formation has a different helix angle from 
flie internal helical protrusion. 

Conveniently, the helbc angle of the external helical fomiation is greater than 
20 the helix angle of the Internal helical protrusion. 

Preferafaty. the hePix angle of the internal helical protrusion is between 8*" and 

Advantageously, the heltx angle of the external hellcat formation is greater 
than 50" and preferably between 65* and SO*. 
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Conveniently, the tubular portion is made from ePTFE. 

Preferably, the external hetical forariatlon is made from polyurethane. 

Advantageously, the inside of the tubular portion has a carbon coating. 

Conveniently, tlie external halical formation Is sinferad to Ifie flexible material 
5 of tiie tubular portion. 

Acooixffng to anotf»er a^Mct of the present invention, there is provided a 
method of making a tubular conduit comprising the steps ok 

. (a) pn>viding a tubular portion made from a flexible material; 

(b) flowing a moulding liquid in an axially extending, helical Ibmi 
1 0 around the exterior irf the tubular portion; and 

<c) solidifying tiie moulding liquid. 

Preferably, step (b) comprises the step of flowing a moulding liquid In two 
axialiy extending helical forms around the exterior of the iubular portion. 

Advantageously, the two helical fomis each has a dtn^rent hefoc angle. 

15 Conveniently^ step (fa) compnses: (i) deforming the tubular portion so as to 
provide an intemai hefica! protmslon on the inside of the tubular portion and a 
corresponding external helical groover and (ii) flowing tlie moulding liquid info 
the ©rtemal helical gjx>ovs to fomi an axially extending helical form. 

PreiferaWy, the helix angle of the moulding liquid flowed into the external 
20 helical groove is less than the helix angle of the other axially extending helical 
fonri. 

Advantageously, the fiellx angle of the moulding liquid flowed Into the eodmial 

helical groove Is between 8*" and 20°. " | 

i 
I 

I 
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ConvenJently, step (b) comprises locating the tubular portion over a mandrel; 
and encasing Ihe tubular potion withtn a moufd such that the tubular portion 
IS sandwiched between tie mandrel and the mould. 

Preferably, the mandrel has an axially extending hefical channel on its surface 
5 and wherein step (i) further comprises the step of introducing the moulding 

liquid between the tubular portion and the mould such lhai the moulding liquid 
deforms the tubular portion by pressing the tubular portion into the helical 
channel on the mandrel to provide the internal helical pnstrusion. 

Advantageously, the method further comprises, between fiie steps of locating 
1 0 of the tubular portion over tiie mandrel and encasing the tubular portion within 
the mould, the step oft pushing the tubular portion at least partially Into the 
helical channel on the mandreL 

Ck>nvenlently. the step of intfOdudng m moulding Squid comprises Injecting 
the moulding liquid into the mould above the helical channel in the mandrel. 

15 Preferably, the mould has an axiatty extending helical channel about He Inside 
surface and wherein step (b) further comprises the step of introducing the 
moulding liquid between the tubular portion and the mom such that the 
moulding liquid flows Into the hencal channel m the mould. 

Advantageously, the helix angle of the hellcsal channel in the mould is greater 
20 than 50'. and preferably is beftween 65° and 30*. 

Conveniently, the method fijrther oompilses, between steps (b) and (c). the 
step of sintering the moulding liquid onto tie flexible material of the tubular 
portion. 

Preferably, step (b) is carried out between 600 and 800 kPa and between 170 
25 and 21 0*C, more preferably at 689 kPa and 1 
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Advantageously, the method further comprises the step of coating the fnner 
surfece of the tubular portion with cariaon. 

Conveniently, fh& moulding liquid is polyur^thane. 
Preferably, the flexible material Is ePTFE. 

5 According to a flirther aspect of ihe present Invenffon, there is provided a 
mould for providing a heOcaf Ibmiation onto a tubular conduit comprising: 

a mandrel on which the tubular conduit Is locatabte; and 

a moulding blod« having a bore for receiving the mandrel with the 
tubular conduit located thereon, 

10 Conveniently, the mandreF has an axially extending helical channel on its 
inner surl^ce. 

Preferably, the bore has an axially extending helical channel on Its Inner 
surface. 

Advantageously, wherein the helix angle of the helical channel on the bore is 
15 different from the helix angle of the helical channel on the mandrel. 

Conveniently, the helix angle of the hellcat channel on the bore greater than 
the helix angle of the helical channel on the mandrel. 

Preferably, the helix angle of the helical channel on the mandi^l 1$ between 8" 
and 20". 

20 Advantageously, the helix angle of the helical channel on the bore is greater 
than 60' and preferably between 65° and SO". 

Conveniently, the tubular conduit is a vascular graft. 
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The terms *'henx- and "heKcal" as are used to herein cover the mathematical 
definition of helix and heticsal and any combination of mathematicai definttlons 
of helical and ^iral. 

in order that the present invenSon may be more readily understood and so 
S that further features thereof may be appreciated, embodiments of the 
Invention will now be described, by way of example, by reference to the 
acx»mpanying drawings in vM<^', 

Figure 1 Is a perspective view of a vascular graft prior to a method of the 
present invention and the moulding equipment used in one embodiment of the 
10 present invention; 

Rgure 2 Is a perepectlve view of a vascular graft In accordance with one 
embodiment of Bie present invention; and 

Figure 3 is a cross-sectional view of the entfiodiment shown In Rgure 2. 

Referring to Rgure 1, a tubular conduit namely a bianit vascular graft 1 (that 
15 is to say, a vascular graft which has not yet had any helical formations 
formed on it) comprises a tubufar portion made from expanded 
polytetrafluoroethylene (ePTFE), Consequentiy, the blanit vascular Qfaft 1 
takes the fonn of a flexible hollow cylindrical iuiie. 

In order lo provide helical ft>rmations on iJie blank vascular graft 1. a mould 2 
20 Is provided comprising a mandrel 3. The mandrel 3 Is an elongate cylinder 
having an axially extending helical channel 4 In Its outer surface. The helical 
channel 4 has a helix angle of between 8' and 20*. In this embodiment the 
length of the mandrel 3 and the helix angle of the helical channel 4 are 
chosen such that the helical channel 4 forms one complete hefical turn from 
23 one end of the mandrel 3 to the other. In alternative embodiments, the helical 
channel 4 forms more or less than one hdicai turn. For example, in some 
embodimentB the hencal channel 4 makes two complete helical iums. 
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The mould 2 also comprises first and second mould block halves 6, 6. Each 
mould block 5, 6 Is cuboidal and has a semi-drcular channel 7. 8 extending In 
an axfal direction along one long side 9, 10 of the oibofdal block 5, 6. The 
semi-circufar channels 7. 8 are sized and located such that when the two 
mould blocks 5, 6 are adjacent one another, the two seml-clrcular channefe 5. 
6 form a cylindrical bore in which the mandrel 3 can be received with just 
enough space remaining for the presence of the vascular sraft 1 . 

On the inside surface of the seml-drcular channel 7. 8 on each of the mould 
, blocks 5, 6 there is provided a series of arcuate grooves 11 which are 
arranged such that when the mould blocks 5. 6 are adjacent one another the 
arcuate aroove 11 on either mould block 5. 6 join to form a singte heircat 
channel, extending in an axial diYection. about the interior of the bore that rs 
fomned. The helfcc angle of the helical channel in the mould blocks 5, & is 
greater than 50- and Is preferably between 65* and SO*. Thus the helix angle 
of the helicar channel formed In the mould blocks 5, 6 is different from and 
indeed> greater than the helix angfe of the helical channel in the mandrel 3, 

An injecffon channel 12. 13 is provided in each of the mould blocks 5 6 
leading from their respective seml-circuIar channel 7. a to the exterior of the 
mould blocks 5. 6. The injeoKon channels 12. 13 are an^nged such that 
When the mould blocks 5. 6 are adjacent one another, the two injection 
channefe 12. 13 are aligned to fomi a sihgle ii^ieclion hole leading from the 
cyDndrlcal bora to the exterior erf the mould 2. 

Means are provided (not shown) to lock the two mouW bkKks 5, 6 together in 
the coniRguration Whereby the cylindrical boie and the Injection hole are 
formed. In some embodiments the means comprise itetainfng screws. 

In order to finish the blank vascular graft i, the mould 2 is heated. In this 
embodiment, the mould 2 is heated to ISO'C but the ex^ct temperature used 
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in each embodrnierrt is dependent upon the materiafe that are used In the 
process. 

The two mould blocks 5,-6 and the mandrel 3 are separated from one another. 

the blank vascular graft 1 is then fitted on to the mandrel 3 In the dlrecHon off 
5 the anxw 14 in Figure 1. The vascular graft 1 Is partially pushed into the 
helical channel 4 in the surfece of the mandrel 3. In isome embodiments, this 
is can-led out using a spatula. 

The mandrel 3. with Ihe vascular graft 1 on It, Is then placed within the two 
semi-drcular channels 7. S In the mould blocks 5. 6 such that the Injecflbn 
10 hole fomied by the ir^iection channele 12, 13 is aligned with the helical 
channel 4 In the surfece of Ihe mandrel 3. Because the vascular graft 1 has 
been partially pushed into the helical channel 4 In the surface of the mandrel 
3, it is possIM© to ensure ihls alignment visually. The two mould blocks 5, 6 
are then held tightly togettier. for example, by retaining screws. 

16 It Is to be appreciated that the mandrel 3. the cyiindrica! bore fomied by the 
two semi-circular channels 7, 8 and the vascular graft 1 are sized sudi that 
the vascular graft 1 is tightly sandwiched between the two mould blocks 5. 6 
and the mandrel 3. 

The mould 2, together with Ihe vascular graft 1, are then placed in a 
20 pressurisable injection moulding machine. In this embodiment, the pressure 
!s raised to 100 Psi {689kPa) but the optimum pressure to be used In each 
embodiment is dependent upon the materials used. 

Molten polyurethane is injected via the injection hole formed by the injeclion 
channels 12* 13 Into the Interior of the mould 2. The molten polyurethane 
25 defomis the vascular graft 1 by pressing it into the helical channel 4 tn the 
mandrel 3 to create a helical protojslon 15 (see Flgires 2 and 3) on the inside 
surface of the vascular graft 1. It simultaneously creates a heiical groove in 
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th© outside surfece of the vascular graft 1 Into which the molten polyurethane 



flows. 



The moRert polyurethane aJso flows atong fhe heUcal channel formed by the 
arcuate groovas 11 in the mould fallocks S, 6. Thus only a single Injecilon of 
5 molten polyurethane Is required In order to fill both the helical groove in the 
outside surface of the vascular graft 1 and the helical channel in the mould 
blocks 5, 6. 

The heat and pressure sinters the por^urethane onto the ePTFE vascular graft 
1. The mould 2 is then opened and the vascular graff 1 removed from the 
10 mandrel 3 and allowed to cool. 

Thus, as is shown in Fisures 2 and 3. there are two helical fonnations fomisd 
in polyurelhane on the vascular graft 1. There is firstly a polyurethane 
defomiation helix 16 whose outer surface lies substantiaify flush with the outer 
surface of the vascular graft 1 and which deforms the vascular graft 1 so as to 
15 provide the internal helical protrusion 15. The deibrmation helix 16 Is fornied 
by the helical channel 4 on the mandrel 3 and so has the same helix angle as 
that channel, namely between 8" and 20'. Secondly, there is a support hefix 
17, which winds around the exterior of the vascular graft 1 and a'ts slightly 
proud of the rest of the outer surface of the vascular graft 1 . The support helix 
20 17 is formed by the heli<^l diannel In the bore of the mould blocks 5, 6 and so 
has the same helix angle as that channel, namely greater than 50" and 
preferaWy between 65» and 80". Thus the helix angle of the support helix 17 
is different from and, indeed, greater than Ihe helrx angle of the detomiatJon 
helix 16 and internal helfcal profru^on 15. 

25 It has been Ibund that when using polyurethane to forni ihe deformatron and 
support lieltees 16, 17 and ePTFE to form fhe vascular graft 1. the 
combination of 100 Psl (689kPa) moulding pressure, and 190°C operating 
temperature provides an optimum combination for the sintering step. In 
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particular, the vascular graft 1 is not overly deformed and molfsn polyunethane 
flow is maximised, bringing the moulding time to llie minimum of 6 seconds. 
Consequently, the vascufer 9fSft 1 is finished with the tft-o polyurethang 
helices 1S, 17 formed on it qufcldy and easily, 

tn order to t>e used. Hie finished vascular graft 1 is implanted Into a patient 
usu^ly by a surgeon, as is known In the art. 

If necessary, the surgeon can strip back the support helix 17 from th© 
remainder of th© vascular graft 1 before or after Implantation. This is useful if, 
for example, the vascular graft 1 must be implanted in a space or 
10 configuration in the patient where It will not fit with the support helix 17 In 
plaoe. 

it is to be noted that the Internal helical protrusion 15 influences the flow of 
blood which passes ihraugh the vasculaf graft when In use. Furthermore, the 
external support helix 17 maintains the shape of the vascular graft 1 » allowing 
15 it to flex but greaffy reducing the risk of a Wnk forming. 

The above embodiment has tjeen described !n which both a deformation helix 
16 and a support heRx 17 are provided on the vascular gi^ft 1 , However, it is 
to be appredated that by removing the helical groove 4 from the mandrel 3. a 
vascular graft 1 Is produced that has the support helix 17 but which does not 
20 have the deformation helix 16 on it Consequently, the vascular graft 1 does 
not have an internal helical protrusion 15. Conversely, in furtfier 
embodiments, the arcuate grooves 11 are not included in the moulding blocks 
5, 6 and so the cteformafion helix 16 and internal helicai protrusion 15 are 
provided but th© support helix 17 is not formed on the vascular graft 1 . 

25 In preferred embodiments of the present invention, a carbon coating is applied 
to the interior surface of the vascular graft 1. The advantage of adding me 
carbon coating is that it enhances the biocompatibiliiy and tissue response for 
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me graft. Processes for carbon coating fnside the vascular graft 1 are known 
in the art. 

The size of the vascular graft 1 dspanderrt upon ihe blood vessel whfch it is 
intended to replace, TVpicaliy. the diameter of the vascular graft is between 
5 4mm and 12mm when repiadng a peripheral blood vessel and between 
ISmm and 40mm when repladng a non-peripheral blood vessel. Vascular 

grafts outside these ranges of diameter are nevertheless within the scope of 

Hie present invention. 



10 



In the above described embodiments, the vascuiar graft 1 is made from 
ePTFE and the helical fbnnatlona 16. 17 are mad© Itom pdyurethane. 
However, in other embodiments of the inversion, different materials are 
selected in order to talte advantage of parBoilar properties of those materials. 
For example instead of using polyurethane, anolh^r moulding material, such 
as polyester or PTFE, that can be Injected in liquid fomi and then soHdlfied is 
15 used in some embodfments. Similarly. In some embodiments the blank 
vascular graft 1 is made from a fabric such as a knitted, woven or extiuded 
polymer, in some embodiments the bianic vascular graft 1 and ihe moulding 
material consist of the same, or similar, materials such as ePTFE and PTFE, 
respectively, or both consisting of poiyurethane, 

20 What is important le that the injected moulding material should have a melting 
temperature lower than the meiting tanperature of the material from which the 
vascular graft 1 is made. 

it is to .be appreciated that in the above described embodfments of the 
invention the conditions of 689kPa and 190*C are referred to merely as the- 
26 optimum conditions when the blank vascular graft 1 is made from ePTFE and 
polyurethane is injected to form the defomnation helix 16 and the support helix 
17 and wfth the mould 2 as described. However, the optimum conditions vwll 
be different in alternative embodiments. In particular, the optimum conditions 
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are dependent on the mould conditions and on the material from which the 
blank vascular gnaJI is mad« and on the injected material used* Nevertheless, 
a generany preferred range of condifions fs from 600 to SOOkPa and from 1 70** 
to 210^. 

' 5 In some alternative embodiments, HhB vascular graft 1 is provided with more 
than one delorma^'on helix 16 and internal helical protrusion 15 and/or more 
than one support helix 17. In these embodiment, it ie preferred lhat the 
multiple helices be ecpiatly spaced about the circumference of the vascular 
graft 1. 

10 WhHe the above embodiments of the present Invention have been described 
in refafion to vascular grafts, in other embodiments of the invention different 
tubular conduits are provided. For example, in some embodiments of the 
invention, the tubular conduit is a non-vascular graft. In other embodiments of 
the invention the tubular conduit Is not a graft at afJ but is, for example, a hose 
15 pipe, a hose reading to or from a dishwasher or washing machine, or a petrol 
pump hose or the like- In all of these embodiments, the tubular conduit 
comprises a tubular portion made from a flexible material* The provision of an 
external helical fomiation located around the outside of the tubular portion 
reduces the possibility of kinking In the tubular portion occurring while 
20 permitting flexibility in the tubuJar portion. The provision of an Interna! heKcal 
protrusion around the inside of the tubular portion Imparts a helical flow to a 
fluid passing through the tubular portion. In some embodiments only the 
external helFca! formation or the intemat hetscal protrusion is provided but in 
other embodiments, bofih the external hellcat formation and the internal helical 
25 protrusion are provided. The tubular portion need not be of predsely circular 
cross-section, although that ?s most prefen-ed, but the cnoss-'Secfion should 
preferably be such as to avoid excessive turbulence in the flow of fluid 
passing through it. 
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Examples 



The present Inventton Is now ftirflier illustrated by way of the foRowIng 
examples. 



Exampfe 1 
5 Prod uctfon of ePTFE graft 
Materials 

• Standand ePTFE grafls 

• AblOO Intf'ef^on moulding machine 

• ChrQnd1exP<:dyurethane(PU) 
10 « injaction mould former 

• P3 Mandrel 

• Oven 

• Protective gloves 

• Air compressor 



Preparation 

• AlJ materials were cleaned down thoroughly wfth IPA prior to use. 

♦ Protective equipment (hair net Sloves Jab coats and masks) worn 
by all personnel in the immediate vicsniiy. 
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. -me Ab 100 injection moulding machine was swlfched on and the 
machine allowed to rise to the required temperature of 196'*C {385-F). 

. The Chronofi^c was dried in the oven at 160'C for 30 mins prior to 
injedfon and then loaded into the storage chamber on the injection^ 
moidding machine. 

. The injection chamber was then filled with Chronoflex to just below the 
sur^ce. 

• The P3 mandrel and the mjeclion mould were placed into the oven 
(alcwigside the Chronoflex) which had been set at 160*C. 

• The mandiet and injection mould were aHowed to heat up for 30 mins. 

. Ttie pressure gauge on the Ab 100 machine was checked to ensure 
that it reached 100 Psi (6S9kPa). The compressor was used If the 
pr^sure was too low. 

. Once all settings had been reached, the mandrel and mould were 
removed Irom the oven (wearing me protective gloves) and the 
required ler^gth of ePTI=^ graft was placed onto the mandrel. 

. A spatula was used to push the ePTFE material partially into (he helical 
channel of the mandrel. This allowed the mandrel to be lined up 
correctly. 

■ . The mandrel was aligned in the mould so that the helical channel was 
in line with the injection hofe. 

• The block was ctosed and tightened with retaining screws. 
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• The moufd was placed fn the machine and the injecfion hde was 
alfgned wfth the I'niectfno nozzre, 

• The mould was clamped In place and as much molten PU 
6 (polyurethane) was injected as required. 

• The mould was undamped and the retaining screws removed. The 
mandref was then removed. 

• The ePTFE Graft was removed from the mandrel by gripping it (vm a 
gtoved hand) along its spiralled length and twistng and pulling gently 

10 (so as not to deform It). 

• The graft was placed in a sterile grip seal bag. then packaged 
appropriately and steillised. 

■Example 2 

Produclion of ePTFE graft 
15 Equipment used 

1. Polymer grarHiles 

2. E.P.T.F.E. material 

3. Mould (either a fang one of helix angle 8- (two complete helical 
turns) or a short one of helix angle 17' (one caamplete helical turn)) 



20 4 



Mandrels (6717* as fbr the mould) 
6. Injection moulding machine 
6. CompresKJrr 
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7. Scissors 

8. Knife 

9. Ruler 

10. Gloves 

S 11. Azowlpes 

12. Tech wipes 

13. Goggles 

Piwpai-atton fa r infectinq . 
10 1. Goggles were worn. 

2. The compressor was switched on and allowed to reach Its operation 
pressure of 100 PSI (689kPa). 

3. The iniecfion moulding machine was switched on and allowed to get 
up to operating temperature which is 190'C (377 deg), and is 

iS maintained by a thermostat. 

4. A hopper on the side of the injector was filled up with polymer 
granules (about % fUll). 

5. . The injeclion diamber was filled up with granules just up to the top. 

6. The granules were compressed In the chamber. Granules were 
20 added and cpnipressed unta, level vyilh the top. 
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Prsparation fttr moulding hlndf 

1 . The block and mandnel and also fh© screws were an cleaned down 
with ezD wlpss. 

2. 30om of epXF.E. tubing was measured out and then put on the 
mandrel making sure to pull it up to the stop, at the end of 1h© 
mandrel. Once this was achieved it was ensured that the material 
was smooth and not bunched up on the mandrd, 

3. Once the mateHal was on the mandrel, the mandrel was put fn the 
moulding block making sure to put the dowei in the iocafing hole. 
The other half of the moufd was placed on top and screwed down in 
a spiral sequence until all the .srews were fully home. They were 
then tightened up with an alien J<ey to make sure they were fight 
and there were no gap between the 2 halves. 

Injection 

■15 liu'eolion was canied out as described in Example 1 . 



10 
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CLAIMS 

1. A tubular conduft comprising: a tubular portion made from a flexible 
materiafc an axiaHy eKtending extemat helical formation, located around the 
outeide of the tubular portion for supporting the tubular portion; and an axially 
extending internal helfcal prolmsion located around the inside of the tubular 
portion for imparting a helical flow to a fluid passing through the tubular 
portion. 

2. A tubular conduit accorellng to claim 1 for use as a preferably a 
vascular gralt, 

3. A tubular conduit acconling to claim 1 or 2 wherein the internal helical 
protruaon comprises a section of the tubular portion defomied by an axfally 
extending defbrmafion helix. 

4. A tubular conduit accoitJIng to daim 3 wherein the axially extending 
deformation helix is made from polyurethane. 

6. A tubular conduit accnrding to daim 3 or 4 wherein the axially 
extending deformation helix Is sintered to the flexible material of the tubular 
portion. 

6. A tubular conduit aocoixling to any one of the preceding claims 
•wherein the external hdical fonnation has a dififerent hel^ angle from the 

20 Internal helical protrusion, 

7. A tubular conduit according to claim 6 wherein the helix angle of the 
«demal helical formation Is greater than the helix angle of the internal helical 
protrusion^ 

8. A tubular conduit according to any one of the preceding cMms wherein 
25 the helix angle of the Internal helical protrusion Is betwfeen and 20^ 
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S. A tubular conduit according to any one of the preceding claims wherein 
the helix angle of the external heBcal foimation Is greater than 50" and 
prefef^bfy bebwe^ 65' and SO". 

10. A tubular conduit aocordlng to any one of the preceding claims wherein 
S the tubular portion Is made from ePTFE. 

11. A tubular conduit according to anyone of the preceding claims wherein 
the external helical fonnatron is made from polyurelhane. 

12. A tubular conduit according to any one of the preceding Olalms wherein 
the inside of the tubular portion has a carbon coating. 

10 13. A tubular conduit according to any one of the preceding cla-ms wherein 
the external helical itomiatlon Is ainfered to the flexible material of the tubular 
portion. 

14. A method of making a tubular conduit comprising the steps oft 

(a) providing a tubular portion made from a flexibte material; 

IS (b) flowing a moulding liquid in an axlally exlendftig, helical form 

around the exterior of the tubular portion,' and 

(c) solidiiying t»e moulding liquid. 

15. A method acconJing to claim 14 wherein step (b) comprises the step of 
flowing a moulding liquid In bim axlal^ extending helical fonns around the 

320 exterior Of the tubular portion. 

16. A method according to claim 15 wherein the two helical forms each has 
a different helix angle. 

17. A method accondfng to any one of claims 14 to 16 wherein step (b) 
comprises: (i) defomfiing the tubular portion so as to provide an internal helical 
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protrusion on the Inside of the tubular portion and a corresponding external 
heHcal groove; and (ii) flowing the moulding liquid into the external helical 
groove to form an axfally extending helical form. 

18. A method according to darm 17 as dependent on claim 16 wherein the 
S helix angle of the moulding liquid flowed Into the external hefical groove is less 

than UiB helix angle of the other axiaify extending helical form. 

19. A method aoconJlng to claim 17 or 18 wherein the helix angle of the 
moulding liquid flowed into the external helical groove is bet>«een 8' arid 20'. 

20. A melhod according to any one of claims 14 to 19 wherein step (b) 
10 comprises locating Ihe tubular portion over a mandrel; and encaslng the 

tubular portion within a mould such that the tubular portion Is sandwiched 
between the mandrel and the mould. 

21 . A method according to dalm 20 as dependent from claim 17, 1 8 or 1 9 
wherein the mandrel hae an axlaBy extending helical channel on Its surface 

15 and wherein step (i) farther comprises the step of Introducing the moulding 
liquid between the tubular portion and the mould such that the moulding liquid 
deibm^s the tubular portion by pressing the tubular portion Into the helical 
channel on the lYiandrel to provide the internal helical protrusion. 

22. A method according to claim 21 further comprising, between the steps 
20 of locaflng of the tubular portion over the mandrel and encasing the tubular 

portion within the mould, the step of: pushing the tubular portion at least 
partially into the helical channel on the mandrel. 

23. A method according to dalm 21 or 22 wherein the step of introducing 
the moulding liquid comprises injecting the moulding liquid into the mould 

25 above the heScai channel in the mandrel. 
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24. A melhod according to any one of claims 20 to 23 wherein the mould 
has an axlaBy extending helical channel about its inside surface and wherein 
step (b) ftiilher comprises the step of Introducing the moulding liquid between 
the tubular portion and the mould such that the moulding {fquid flows into tha 
6 helical diannel in the mould. 

25.. A method according to clafm 24 wherein the helbc angle of the helical 
channel In the mould fe greater than 50". and pr^rably is between 65^ and 
80-. 

26. A method acxnrding to any one of cfafms 14 to 25 further comprising, 
ID between steps (b) and (c). the step of sirterfng the moulding Hqukl onto the 
fiexibis maten'ai of tfte tubular portion. 

zr, A method acconjing to any one of claims 14 to 26 wherein step (b) is 
earned out bet^sn 600 and 800 icPa and between 170 and 210''G, preferably 
at 689 kPa and 190°C, 

15 28. A method according to any one of claims 14 to 27 further comprising 
the step of coating the inner surface of the tubular portion with carbon. 

29. A method according to any one of claims 14 to 28 wherein the 
moulding liquid is polyurethane. 

30. A method according to any one of daims 14 to 29 wherein the flexible 
20 material IsePTFE. 

31. A mould for providing a heHcal fbmiallon onto a tubular conduit 
comprising: 

a mandrBi on which the tubular conduit is beatable; and 

a mouklfng biodc having a bore for receiving the mandrel with the 
25 tubular conduit located thereon. 
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32. A mould according to daim 31 wherein the rttandrol has an axlally 
extending helical channel on fls Inner surface. 

33. A mould according to cteim 31 or 32 wherein the bore has an axially 
extending helical channel on its inner surface. 

5. 34. A mould according to daim 33 as dependent on claim 32 wherein the 
helix angle of the helical channel on the bore is diflfen&nt from the helix angle 
of the helical channel on the mandrel. 

35. A mould according to claim 34 wherein the hefix anQfe of the helical 
channel on the bore is greater than the helix angle of the helical channel on 

10 the mandrel. 

36. A mould according to any one of claims 32, 34 or 35 or daim 33 as 
dependent on claim 32 wherein the helix angle of the helical channel on the 
mandrel is between 8° and 20". 

37. A mould according to any one of claims 33 to 35 or claim 36 as 
15 dependent on claim 33 wherein the helix angle of the helical channel on the 

bore is greater than 50° and preferably between 65" and 80". 

3S. A method according to any one of daims 14 to 30 or a moulding 
acooiding to any one of dams 31 Id 37. wherein the tubular conduit is a 
vascular graft. 

20 39. A vascular graft comprising: a tubular portion made from a flexible 
material: and an axially extending external heiical fonnation located around 
the outside of the tubular portion for supportina the tubular portion. 

40. A tubular conduit substantially as herein described with reference to 
and as shown in flTe aa5bmpahylhg drawing^. 
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41 . A method of making a f ubuJar conduit substantially as herein described 
with refet^nce to the accompanying drawings, 

42. A mould substantially as her^n described wfth reference to and as 
shown In the accompanying dravi^ngs. 



i 
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ABSTRACT 
A TUBULAR COMDUIT 



A tubular conduit (1) is disclosed, the tubular conduit compdses a tubular 
6 portion made from a flexible material and an axially exiending external helical 
formation (16) located around the outside of the tubular portion. The external 
helical formation (1.5) is for supporting the tubular portion. Optionally the 
tubular portion also comprises an axially extendinQ internal helical protrusion 
(15). which iiT^parts a helical flow to a fluid passing through the tubular portion, 
10 It is preferred that the tubular conduit (1 > is a vascular graft. 
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